













REDUCING AN INFLUENCE OF QUANTIZATION ERROR AND A CHARACTERISTIC VARIATION DUE TO 
MANUFACTURING VARIABILITIESS FOR DRIVING A HIGH PRECISION MULTI-COIL-MOTOR 
 
松尾遥 





For the high precision driving, a multi-coil-motor (MCM) driven by digital-direct-drive-technology has 
been proposed. However, it is not suitable for driving MCM, since this digital-direct-drive-technology aims 
driving of speaker. This paper proposes two methods for a high precision driving. First method is a 
honeycomb-structured space vector delta-sigma modulation which can realize a multilevel quantization on a 
rotating coordinate system. Second method is a full-search dynamic three-phase multi-coil-motor matching 
which can reduce the influence of variations of a manufacturing of stator coils. 
Key Words : Realization of high precision motor, Reduction of torque ripple, Reduction of quantization 











































図１ MCM のステータコイル 
 















































































相成分を表す組み合わせは従来の NSDEM の U1,U2,U3 の
３通りに加えて図４(b)の様な２相を用いる組み合わせ
を加えると，１２通り存在する．これは U 相だけでなく，
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図６ デジタル直接駆動技術による MCM 駆動 
















































ハ ニ カ ム 構 造 型 空 間 ベ ク ト ル Δ Σ 変 調 器






V0 V1 V2 V3 V4 V5 V6V69 V68 V67 V66 V65 V64
V22 V7 V8 V9 V10 V11V63 V61 V58 V54 V49 V43
V106 V112 V117 V121 V124 V126V74 V73 V72 V71 V70 V85
V107 V113 V118 V122 V125V78 V77 V76 V75 V86 V91
V23 V12 V13 V14 V15V62 V59 V55 V50 V44 V28
V24 V16 V17 V18V60 V56 V51 V45 V33 V29
V108 V114 V119 V123V81 V80 V79 V87 V92 V96
V109 V115 V120V83 V82 V88 V93 V97 V100
V25 V19 V20V57 V52 V46 V37 V34 V30
V26 V21V53 V47 V40 V38 V35 V31
V110 V116V84 V89 V94 V98 V101 V103
V27V48 V42 V41 V39 V36 V32





U1 U2 U3 V1 V2 V3 W1 W2 W3
V0 0 0 0 0 0 0 0 0 0
V1 +1 0 0 0 0 0 0 0 0
V2 +1 +1 0 0 0 0 0 0 0
V3 +1 +1 +1 0 0 0 0 0 0
V4 +1 +1 +1 -1 0 0 -1 0 0
V5 +1 +1 +1 -1 -1 0 -1 -1 0
V6 +1 +1 +1 -1 -1 -1 -1 -1 -1
V7 +1 0 0 0 0 0 -1 0 0
V8 +1 +1 0 0 0 0 -1 0 0
V9 +1 +1 +1 0 0 0 -1 0 0
V10 +1 +1 +1 -1 0 0 -1 -1 0
V11 +1 +1 +1 -1 -1 0 -1 -1 -1
V12 +1 0 0 0 0 0 -1 -1 0
V13 +1 +1 0 0 0 0 -1 -1 0
V14 +1 +1 +1 0 0 0 -1 -1 0
V15 +1 +1 +1 -1 0 0 -1 -1 -1
V16 +1 0 0 0 0 0 -1 -1 -1
V17 +1 +1 0 0 0 0 -1 -1 -1
V18 +1 +1 +1 0 0 0 -1 -1 -1
V19 +1 +1 0 +1 0 0 -1 -1 -1
V20 +1 +1 +1 +1 0 0 -1 -1 -1
V21 +1 +1 +1 +1 +1 0 -1 -1 -1
V22 0 0 0 0 0 0 -1 0 0
V23 0 0 0 0 0 0 -1 -1 0
V24 0 0 0 0 0 0 -1 -1 -1
V25 +1 0 0 +1 0 0 -1 -1 -1
V26 +1 +1 0 +1 +1 0 -1 -1 -1
V27 +1 +1 +1 +1 +1 +1 -1 -1 -1
V28 0 0 0 +1 0 0 -1 0 0
V29 0 0 0 +1 0 0 -1 -1 0
V30 0 0 0 +1 0 0 -1 -1 -1
V31 +1 0 0 +1 +1 0 -1 -1 -1
V32 +1 +1 0 +1 +1 +1 -1 -1 -1
V33 0 0 0 +1 +1 0 -1 0 0
V34 0 0 0 +1 +1 0 -1 -1 0
V35 0 0 0 +1 +1 0 -1 -1 -1
V36 +1 0 0 +1 +1 +1 -1 -1 -1
V37 0 0 0 +1 +1 +1 -1 0 0
V38 0 0 0 +1 +1 +1 -1 -1 0
V39 0 0 0 +1 +1 +1 -1 -1 -1
V40 -1 0 0 +1 +1 +1 -1 -1 0
V41 -1 0 0 +1 +1 +1 -1 -1 -1
V42 -1 -1 0 +1 +1 +1 -1 -1 -1
V43 0 0 0 +1 0 0 0 0 0
V44 0 0 0 +1 +1 0 0 0 0
V45 0 0 0 +1 +1 +1 0 0 0
V46 -1 0 0 +1 +1 +1 -1 0 0
V47 -1 -1 0 +1 +1 +1 -1 -1 0
V48 -1 -1 -1 +1 +1 +1 -1 -1 -1
V49 -1 0 0 +1 0 0 0 0 0
V50 -1 0 0 +1 +1 0 0 0 0
V51 -1 0 0 +1 +1 +1 0 0 0
V52 -1 -1 0 +1 +1 +1 -1 0 0
V53 -1 -1 -1 +1 +1 +1 -1 -1 0
V54 -1 -1 0 +1 0 0 0 0 0
V55 -1 -1 0 +1 +1 0 0 0 0
V56 -1 -1 0 +1 +1 +1 0 0 0
V57 -1 -1 -1 +1 +1 +1 -1 0 0
V58 -1 -1 -1 +1 0 0 0 0 0
V59 -1 -1 -1 +1 +1 0 0 0 0
V60 -1 -1 -1 +1 +1 +1 0 0 0
V61 -1 -1 -1 +1 +1 0 +1 0 0
V62 -1 -1 -1 +1 +1 +1 +1 0 0
V63 -1 -1 -1 +1 +1 +1 +1 +1 0  
U1 U2 U3 V1 V2 V3 W1 W2 W3
V64 -1 0 0 0 0 0 0 0 0
V65 -1 -1 0 0 0 0 0 0 0
V66 -1 -1 -1 0 0 0 0 0 0
V67 -1 -1 -1 +1 0 0 +1 0 0
V68 -1 -1 -1 +1 +1 0 +1 +1 0
V69 -1 -1 -1 +1 +1 +1 +1 +1 +1
V70 -1 0 0 0 0 0 +1 0 0
V71 -1 -1 0 0 0 0 +1 0 0
V72 -1 -1 -1 0 0 0 +1 0 0
V73 -1 -1 -1 +1 0 0 +1 +1 0
V74 -1 -1 -1 +1 +1 0 +1 +1 +1
V75 -1 0 0 0 0 0 +1 +1 0
V76 -1 -1 0 0 0 0 +1 +1 0
V77 -1 -1 -1 0 0 0 +1 +1 0
V78 -1 -1 -1 +1 0 0 +1 +1 +1
V79 -1 0 0 0 0 0 +1 +1 +1
V80 -1 -1 0 0 0 0 +1 +1 +1
V81 -1 -1 -1 0 0 0 +1 +1 +1
V82 -1 -1 0 -1 0 0 +1 +1 +1
V83 -1 -1 -1 -1 0 0 +1 +1 +1
V84 -1 -1 -1 -1 -1 0 +1 +1 +1
V85 0 0 0 0 0 0 +1 0 0
V86 0 0 0 0 0 0 +1 +1 0
V87 0 0 0 0 0 0 +1 +1 +1
V88 -1 0 0 -1 0 0 +1 +1 +1
V89 -1 -1 0 -1 -1 0 +1 +1 +1
V90 -1 -1 -1 -1 -1 -1 +1 +1 +1
V91 0 0 0 -1 0 0 +1 0 0
V92 0 0 0 -1 0 0 +1 +1 0
V93 0 0 0 -1 0 0 +1 +1 +1
V94 -1 0 0 -1 -1 0 +1 +1 +1
V95 -1 -1 0 -1 -1 -1 +1 +1 +1
V96 0 0 0 -1 -1 0 +1 0 0
V97 0 0 0 -1 -1 0 +1 +1 0
V98 0 0 0 -1 -1 0 +1 +1 +1
V99 -1 0 0 -1 -1 -1 +1 +1 +1
V100 0 0 0 -1 -1 -1 +1 0 0
V101 0 0 0 -1 -1 -1 +1 +1 0
V102 0 0 0 -1 -1 -1 +1 +1 +1
V103 +1 0 0 -1 -1 -1 +1 +1 0
V104 +1 0 0 -1 -1 -1 +1 +1 +1
V105 +1 +1 0 -1 -1 -1 +1 +1 +1
V106 0 0 0 -1 0 0 0 0 0
V107 0 0 0 -1 -1 0 0 0 0
V108 0 0 0 -1 -1 -1 0 0 0
V109 +1 0 0 -1 -1 -1 +1 0 0
V110 +1 +1 0 -1 -1 -1 +1 +1 0
V111 +1 +1 +1 -1 -1 -1 +1 +1 +1
V112 +1 0 0 -1 0 0 0 0 0
V113 +1 0 0 -1 -1 0 0 0 0
V114 +1 0 0 -1 -1 -1 0 0 0
V115 +1 +1 0 -1 -1 -1 +1 0 0
V116 +1 +1 +1 -1 -1 -1 +1 +1 0
V117 +1 +1 0 -1 0 0 0 0 0
V118 +1 +1 0 -1 -1 0 0 0 0
V119 +1 +1 0 -1 -1 -1 0 0 0
V120 +1 +1 +1 -1 -1 -1 +1 0 0
V121 +1 +1 +1 -1 0 0 0 0 0
V122 +1 +1 +1 -1 -1 0 0 0 0
V123 +1 +1 +1 -1 -1 -1 0 0 0
V124 +1 +1 +1 -1 -1 0 -1 0 0
V125 +1 +1 +1 -1 -1 -1 -1 0 0





































































生成される V30 に注目する．表１より V30 を生成するた
めに駆動するコイルの組み合わせは 







   13,2,1,2,12_30 WVVVUUV   (2) 
 3,2,1,1,2,13_30 WWWVUUV   (3) 
 
 












た使用回数の値の中で，最大の値を Selector module に
送る．さらに，Selector module は前段のハニカム構造
型空間ベクトル変調器(HSVDSM)から再現する合成磁界を













































図１１ FDTMM 構成図 
 
Selector module にはあらかじめ全ての Vx を再現する
駆動コイルの組み合わせをテーブルとして記憶させてお
く．その組み合わせは３相３コイルが３値で駆動する場
合， 93 通りと膨大であるため記述は省略する． 
各ループフィルタの出力が 


































































          (4) 
だとすると Max module から出力された最大値(max)の信
号は-V3 の１２である．この時，Selector module では最
大値と各コイルの使用回数の差を算出し，各コイルを使
用した際の得点(Point)とする． 
           






















































































































































 3,2,1,1,2,1 WWWVUU  を駆動する信号を出力する．





















Drive voltage 6 [V]
Moment of inertia 0.0000087 [kg*m^2]
Viscous friction 0.0005
Number of pole pairs 5
Ru1=886 [mΩ] Rv1=839 [mΩ] Rw1=876 [mΩ]
Ru2=801 [mΩ] Rv2=804 [mΩ] Rw2=828 [mΩ]
Ru3=760 [mΩ] Rv3=747 [mΩ] Rw3=734 [mΩ]
Lu1=216 [μH] Lv1=213 [μH] Lw1=234 [μH]
Lu2=220 [μH] Lv2=230 [μH] Lw2=242 [μH]
Lu3=231 [μH] Lv3=231 [μH] Lw3=222 [μH]
Mu12=212 [μH] Mv12=216 [μH] Mw12=231 [μH]
Mu13=211 [μH] Mv13=210 [μH] Mw13=215 [μH]













































リア周波数を 4 [kHz]とし，パルス幅は 100分割である．
ΔΣ変調器，NSDEM，HSVDSM，FDTMM のクロック周波数は









































































今回の測定では PWM 変調器はキャリア周波数を 1 [Hz]と
し，パルス幅を１０分割とした．ΔΣ変調器，NSDEM，
HSVDSM，FDTMM のクロック周波数は 10 [Hz]に設定した．





































示す必要がある．そこで駆動周波数 0.1 [Hz]に対して 3
次，5 次，7 次，9 次，11 次，13 次の高調波を足し合わ
せた THD 特性を比較する．結果を表３に示す．表３より
ΔΣ変調器と NSDEM を組み合わせた従来方式の THD 特性
に対して，提案手法である HSVDSM と FDTMM を組み合わせ
た THD 特性が大きく改善されている事が確認できる． 
表３ THD 特性の比較 
THD
PWM 0.2179
Δ Σ 変調器 0.0736
Δ Σ 変調器+NSDEM 0.0078
HSVDSM 0.0836
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